Abstract: Understanding the relationship between psychological and physiological factors in depression and depressive symptoms may help us define depression subcategories based on their parasympathetic nervous system activity and reactivity, and perhaps in the future, develop more effective symptom-based treatments. In this study we aimed to shed light on the relationship between selected psychological traits (harm avoidance and self-rumination) and physiological stress (high-frequency heart rate variability, HF-HRV). We recruited 58 females to participate in a laboratory study where they completed a public speech preparation task designed to induce stress. We found that participants with higher scores in selfreported harm avoidance and self-rumination had lower HF-HRV during the stress task, indicating a parasympathetic withdrawal (i.e. more stress). The associations between self-reported depressive symptoms and HF-HRV were not statistically significant. Thus, we linked psychological depression risk factors to specific indices of higher physiological stress.
PUBLIC INTEREST STATEMENT
We studied the connection between depressive symptoms and the psychological traits of harm avoidance and rumination, which reflect (among other things) negative emotionality and negative repetitive thinking, respectively. We were specifically interested in high-frequency heart rate variability, which is believed to reflect the withdrawal of a relaxing (parasympathetic) nervous system activity. It is calculated from heart rate values. We placed our participants in a stressful situation (preparation of public speech) in a laboratory and measured their heart rate. We found out that depressive symptoms were associated with both harm avoidance and rumination; and that harm avoidance and rumination were both negatively associated with highfrequency heart rate variability. Surprisingly, depressive symptoms were not statistically significantly associated with high-frequency heart rate variability. This suggests that the pathway from negative emotions and physiological stress to depressive symptoms is not straightforward. More research is needed to better understand this relationship.
Introduction
Depression is a state of low mood and aversion to activity, both of which negatively affect an individual's thinking, behaviour and well-being. Depression is characterised by both psychological and physiological features, and the risk factors predisposing people to clinical (i.e. more severe) depression can likewise be either psychological, physiological or both (Monroe & Simons, 1991) . Untangling the effects of psychological and physiological risk factors for depression is important for the development of effective medical and psychosocial treatments, and for accurate mental health diagnostics. In this paper we sought to shed light on the relationship between physiological stress, as measured by heart rate variability (hereafter HRV; Porges, 1992) , and two specific psychological depression risk factors: harm avoidance and self-rumination, both of which are positively associated with depression (Crucza, Przybeck, Spitznagel, & Cloninger, 2003; Elovaino et al., 2004; Hansenne et al., 1999; Kampman & Poutanen, 2011; Nolen-Hoeksema, 2000 , 1991 Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008; Nyman et al., 2011; Robinson & Alloy, 2003; Ward, Lyubomirsky, Sousa, & NolenHoeksema, 2003) . We also explore the possibility that the route from psychological traits to depression might in part be via stress physiology, that is, high-frequency HRV.
On a physiological level, stress can be viewed as the body's way of reacting to changing environmental conditions, such as external physical threats, which typically involve significant activation and suppression of the sympathetic and parasympathetic parts of the autonomic nervous system, respectively. Psychological and physiological stress are descriptions of the same phenomenon on different levels of analysis; both involve the body (and mind) reacting or readjusting to meet new environmental (either external or internal) challenges. In an evolutionary context, stress is adaptive and non-pathological; but in modern societies stress reactions can become problematic if they are too strong and/or long lasting. Strong stress reactions were adaptive in the past because they made it easier for our ancestors to avoid and react to external threats (and thus survive), but currently serve little adaptive purpose in the context of work-related deadlines, fear of giving public speeches, or general anxiety about job market uncertainty. A popular conceptualisation of stress emphasises that the environment or situation per se does not determine whether or not (negative or maladaptive) stress is experienced, but rather the individual's interpretation of his or her abilities to cope in that situation (Lazarus & Folkman, 1984, pp. 19-20) .
Stress can be evaluated by various means, such as measuring electrocardiography and then estimating the heart rate fluctuations caused by breathing, i.e. respiratory sinus arrhythmia (often abbreviated RSA); in the case of this article, the almost interchangeable term HRV is used. In short, HRV is a product of the constant feedback and regulation process between the central and peripheral nervous systems (Porges, 1992; Porges, Doussard-Roosevelt, & Maiti, 1994) , and it reflects the relative activity of the autonomic nervous system, especially the parasympathetic branch (vagus nerve, to be precise). Generally, higher HRV may reflect higher physiological potential to adapt to a changing environment (Porges, 1992) and reflects relaxation.
Stress is associated with depression, rumination and harm-avoidance both conceptually and empirically. Depression has been linked to the altered functioning of the autonomic nervous system, particularly to increased sympathetic activity and/or decreased parasympathetic activity (Kemp et al., 2010; Licht et al., 2008; Sgoifo, Carnevali, Alfonso, & Amore, 2015) . Cardiac vagal nerve (i.e. parasympathetic) activation has been suggested as a physiological marker for sufficient psychological self-regulation (Rottenberg, Clift, Bolden, & Salomon, 2007) . HRV may also be a useful marker for understanding the interaction between psychological depression risk factors and autonomic nervous system functioning (Sgoifo et al., 2015) .
The links between stress as measured by HRV, depression, harm avoidance and rumination have been evaluated previously (Bär et al., 2004) . Some studies have found a difference in HRV in depressive patients compared with non-depressive control groups (Koschke et al., 2009; van der Kooy et al., 2006; Yaptangco, Crowell, Baucom, Bride, & Hansen, 2015) ; while others have not (Birkhofer, Schmidt, & Försti, 2006) . Rottenberg et al. (2007) evaluated the link between depression and HRV by differentiating baseline HRV from HRV reactivity, thereby shedding light on the apparent inconclusive findings on depression and HRV. Baseline HRV is a resting state heart rate measure, reflecting the level of parasympathetic activity, while HRV reactivity measures the change from baseline in reaction to some environmental challenge. Depressive patients often show lower HRV in a resting state, but also less change in HRV. Both may be important indicators for physiological flexibility and selfregulation capacity, although some research indicates a more consistent relationship between depression and HRV reactivity . Rottenberg (2007) suggests that depression is linked especially to impaired homeostatic regulation capacity, which manifests as weak reactivity to stressful tasks. Moreover, Bylsman et al. (2014) found that depressive patients did not show parasympathetic withdrawal as a reaction to a stressful task as much as the non-depressive or recovered depressive groups; however, the groups did not differ in baseline HRV.
According to response style theory (Nolen-Hoeksema, 1991), individual differences in responses to one's depressive symptoms are the key to understanding depression. The way individuals respond to their depressive symptoms influences how long their symptoms last. The core concept in response style theory is rumination, which refers to rigid, inflexible and repetitive tendency to dwell on negative thoughts (Nolen-Hoeksema et al., 2008) . Response style theory postulates that rumination increases the duration of depression by i) intensifying negative mood via negative "thought-loops", and ii) disrupting effective, active, and solution-focused problem-solving by making one's thinking pessimistic and fatalistic (NolenHoeksema, 1991; see also Nolen-Hoeksema et al., 2008) . Several studies have shown a positive link between rumination and depression severity, duration, and likelihood of onset (Nolen-Hoeksema, 2000 , 1991 Nolen-Hoeksema et al., 2008; Robinson & Alloy, 2003 Ward et al., 2003) . Rumination is also more common among females than males, which might partly explain why depression is more common among females (Nolen-Hoeksema, Larson, & Grayson, 1999) .
Both rumination and depression are strongly linked to individual differences in harm avoidance, as conceptualised in Cloninger's psychobiological model of temperament (Cloninger, 1987; Cloninger, Svrakic, & Przybeck, 1993) . Harm avoidance manifests itself as a pessimistic worry about the future, fear of uncertainty, shyness towards strangers and as a rapid feeling of fatigue (Cloninger et al., 1993) . High scores in harm avoidance predispose individuals to both clinical and sub-clinical depression (Crucza et al., 2003; Elovaino et.al., 2004; Farmer et al., 2003; Hansenne et al., 1999) . In a recent meta-analysis, harm avoidance was found to have a significant role in predicting depression symptoms in 11 out of 12 studies analysed (Kampman & Poutanen, 2011) .
Research on temperament traits and HRV is scarce. While some studies have evaluated the associations between the Big Five personality traits and HRV, few studies have focused on temperament traits specifically. Moreover, existing research has typically focused on baseline HRV, but not HRV reactivity. For example, there is a negative association between baseline HRV and the neuroticism subscale anxiety (Bleil, Gianaros, Jennings, Flory, & Manuck, 2008; Miu, Heilman, & Miclea, 2009 ). Puttonen and colleagues (2008) found that high harm avoidance scores were associated with low HRV in a resting state, controlling for age and gender (for similar results, see also Huang et al., 2013; however, see Bleil et al., 2008 for conflicting evidence). However, we have found no previous studies establishing a link between harm avoidance and HRV reactivity.
The association between rumination and HRV has not been extensively studied, and most research has focused on anxious worry instead of rumination-albeit the two are similar phenomena. For example, worry is linked to higher baseline heart rate and lower baseline HRV (Brosschot, Van Dijk, & Thayer, 2007) . Pieper, Brosschot, van der Leeden, and Thayer, 2007 also found that work-related worry was linked to higher heart rate and lower high-frequency HRV in teachers, independently of the self-reported objective amount of stress. Given that worry and rumination share about 40 % of variance (Hong, 2007) , it is reasonable to presume that rumination is also negatively linked to high-frequency HRV, which reflects parasympathetic activation. Moreover, Ottaviani et al.'s (2016) meta-analysis found that both rumination and worry were linked to a lower baseline high-frequency HRV-component and to higher heart rate, blood pressure and cortisol levels. Rumination itself has also been associated with reduced HRV, and this relationship has been suggested to be a mediator between rumination and depressive symptoms (Carnevali et al. 2018) . Rumination-like thinking has been hypothesised to prolong the stress reaction after the concrete stressor (the original cause of stress) has already passed, thereby negatively influencing health (Brosschot, Gerin & Thayer, 2006) . Based on the above theory and results, we formulated the following hypotheses:
(1) Depressive symptoms, rumination, and harm avoidance are all positively intercorrelated.
(2) Depressiive symptoms, rumination and harm avoidance are all associated with (a) lower baseline high-frequency HRV.
(b) lower high-frequency HRV during preparation for and recovery from a stressful task.
(3) Depressive symptoms are associated with lower high-frequency HRV reactivity during a stressful task.
Methods

Participants
Fifty-eight female participants (N = 58; mean age = 25; age range: 20-39) were recruited from a pool of 588 people (n = 588; 512 females, 72 males, 4 unreported; mean age = 26; age range: 18-60), all of whom had previously completed a web-based survey on depression, stress, and rumination. This survey was advertised on student mailing lists across the University of Helsinki, and in it participants completed the same psychometric measures used in the current study (detailed below). We selectively invited a group of participants whose rumination-scores were visually inspected as the most normally distributed among several possible randomly selected groups. This was done to satisfy the requirements of our statistical models. Only females were recruited because our focus was not on gender differences, and we wanted to simplify our statistical models and conclusions. Individuals with clinically diagnosed depression were excluded.
Materials
Depressive symptoms were measured with Beck's Depression Inventory II (BDI-II; Beck, Steer, & Brown, 1996) . BDI-II consists of 21 statements (for example, "I feel that I am complete failure as a person", and "I feel guilty all the time") scored on a scale from 0 to 3 on how well the statements describe the respondent's current state; higher scores indicate more severe depressive symptoms. We used the BDI-II measurement scores as a continuous variable (summed across all statements); participants were not classified into depression severity categories. The range of the scores was 0-63, and the scale had a good inter-item reliability (Cronbach's α = 0.89).
Temperament traits were measured by Cloninger's Temperament and Character Inventory (TCI; Cloninger, 1994) . TCI has 240 questions, which are answered on a scale of one to five (1 = Does not fit, 5 = Fits perfectly), and 28 subscales, which in turn yield four temperament traits and three character traits. We focused on the 20 questions measuring trait harm avoidance and its four subscales (anticipatory worry, fear of uncertainty, shyness with strangers, and fatigability). The scale had an excellent inter-item reliability (Cronbach's α = 0.90).
Rumination tendency was measured with the self-rumination scale (Elliot & Coker, 2008) . We used a modified, Finnish version of Elliot's and Coker's (2008) original self-rumination scale (Palomäki, Laakasuo, & Salmela, 2013) . Participants were asked to evaluate 10 statements on a scale of one to seven (1 = Strongly disagree, 7 = Strongly agree; example items: "Sometimes it's hard for me to shut off thoughts about myself", and "I often find myself re-evaluating something I have done"). The scale had a good inter-item reliability (Cronbach's α = 0.85).
Physiological stress was measured by electrocardiogram (ECG), blood pressure (BP) and electrodermal activity (skin conductance); but for current purposes, only the relevant ECG and heart rate signal are described here. ECG was measured by modified lead II placement with signal frequency of the recording being 2000 Hz. The measurement device was Biopac and the collection software AcqKnowledge (version 3.8.2). Analysis was conducted using the ECGlab toolbox in Matlab (version 8.1; De Carvalho, da Rocha, de Oliveira Nascimento, Neto, & Junqueira, 2002). Frequency components above 35 Hz and below 0.05 Hz were suppressed from original signal using second order Butterworth filters, along with a bandpass filter at 50 Hz to remove mains noise. After R-spike detection, resultant data were visually inspected according to the instructions provided by Porges and Pyrne (1992) . Ectopic values were identified and interpolated for HRV calculations.
The high-frequency (HF) component of HRV was extracted from the ECG using a frequency method. The HF component ranges between 0.15-0.4 hertz, and we defined it according to common practice utilising the time distance between ECG R-wave peaks. The HF component was extracted using half-hanning windows and by performing a fast Fourier transformation from the 512-point signal. This resulted in a numerical sum of squares value that reflects the HF component's power in a unit of time. A higher numerical value reflects greater HRV.
The HF-component was calculated from the heart rate of the beginning rest ("baseline") period, before the actual task. In addition, the HF-component was calculated from the stressful speech preparation task and from the end rest phases. Finally, abaseline-standardised variable (reactivity), was calculated, where the HF-component during beginning rest was subtracted from the speech preparation HFcomponent devided by standard deviation of the beginning rest HF-component. Selection of the utilised stress task (preparation of, rather than keeping an actual speech) was done keeping in mind that the HR data quality, and thus also HRV quality, is often compromised during an actual public speech task compared to the stationary preparation of the said task (Beda, Jandre, Phillips, Giannell, Neto, & Simpson, 2007) .
Procedure
Participants signed informed consent forms at the beginning of the study, and were instructed they could withdraw at any point if they so wished. They were then instructed to wash their hands before moving into a soundproof, electrically shielded laboratory room, where they sat in front of a 17 inch computer monitor and were attached to physiological stress measurement devices, including ECG. Blood pressure was measured from the non-dominant hand, and skin conductance from the middle joints of the index and middle fingers; however, blood pressure and skin conductance responses are not the focus of this study. Participants were then informed that the researchers were able to monitor them through a webcam.
Next, the participants sat relaxed in the laboratory for five minutes with the laboratory door closed and lights switched off. This was the beginning rest (i.e. a baseline) period.
We utilised the public speech task, which is a well-known method used to induce stress (e.g., Määttänen, Ravaja, & Henttonen et al., 2018) . Participants were instructed to compose a threeminute speech, in which they were to defend themselves against accusations of shoplifting, and to evaluate how well they expected to perform in this task. They were instructed to make up a story about what had happened, where it had happened, how the staff had behaved towards them and whether they would seek any compensation for the treatment they received. They were also instructed to articulate clearly and consistently while maintaining eye contact with the two researchers, who would be present to evaluate the speech. The participants were not allowed to use paper or pen while creating their speech, and they were instructed to speak exactly for the full three minutes.
The participants spent three minutes preparing their speech, and the time remaining was constantly shown on a countdown clock on the computer screen. After the preparation period, two researchers dressed in white coats (a man and a woman) entered the laboratory to "formally evaluate" the speech prepared by the participants. The participant was reminded that their speech should last exactly three minutes, again indicated by a countdown clock on the computer screen. After the public speech task, the researchers left the test room and participants were asked to fill out a questionnaire about their emotional state.
In addition to the public speech task, participants also completed a verbal memory task; this task involved remembering negative and neutral word lists and retrieving the lists afterwards, but is not covered in this article. The public speech-and verbal memory task order was counterbalanced across subjects, and there was a 3-minute intermediate rest period between the tasks.
After both tasks were completed, participants relaxed for another five minutes with the laboratory door closed and lights switched off (end rest period).
After the end rest, participants filled out the BDI-II questionnaire, Cloninger's TCI questionnaire and the self-rumination scale. The self-report measures were collected after the tasks to avoid participants' responses affecting the experimental set-up. Finally, the participants were thanked and thoroughly debriefed. In total, it took participants about one hour from start to finish at the laboratory.
Data analysis
As per our hypotheses, only the high-frequency (HF) -component of heart rate variability in the ECG was considered relevant, as it is a marker for activation of the parasympathetic nervous system. The HFcomponent was calculated for the beginning rest period (5 minutes) before any other tasks, the speech preparation period (3 minutes) and the recovery (end rest) period after the last stress task (5 minutes). In addition, the HF-variable reactivity was calculated.
Four participants did not complete the self-rumination questionnaire at the end of the study and were excluded from the analyses. The final sample size used for the analyses was thus 54 participants. One participant did not fully complete the BDI-II scale, and this participant was excluded from the analyses using the BDI-II variable. Outlier diagnostics revealed no significant outliers in any of our variables. Due to positive distribution skew, we log-transformed the BDI-II and HRV -variables.
In our analyses, we focused on Pearson zero-order correlations and multiple regression models (i.e. general linear models). Age was controlled in all analyses. Assumptions for using general linear models were fully met: the sample size was sufficient, the model error terms were close-to normally distributed and there was a linear relationship between the evaluated variables. We did observe some heteroscedasticity in the prediction errors between the variables. Thus, all analyses were also run using both robust regression and by examining bootstrapped confidence intervals. The main results did not change in any meaningful way when doing so, and thus heteroscedasticity was concluded to have no meaningful influence on the linear regression model.
Results
Variable characteristics are shown in Table 1 . On average, HF-HRV decreased from the resting period to the preparation period, and then increased again during the recovery period. However, HF-HRV was still lower during the recovery period than during the resting period. The HRV reactivity variable is not shown, but it is logical that HF-HRV decreased from the resting period to the speech task period -a statistically significant negative correlation means higher reactivity.
The correlations between our variables were mainly consistent with the hypotheses. Only the correlation between HRV and depressive symptoms was not statistically significant; see Table 2 .
As expected, depressive symptoms, rumination and harm avoidance were strongly positively intercorrelated (rs = .56-.64, ps < .001). The correlations between depressive symptoms and HRV across all HF measures were negative, but not statistically significant (rs = −.1 to −.26, ps > .05).
Rumination was negatively associated with HRV, as was hypothesised. Rumination was most strongly, and statistically significantly, associated with HRV in the speech preparation period (r = −.325, p = .017), and to HRV reactivity (r = −.355, p = .008). However, rumination was not statistically significantly associated with neither rest nor recovery period HRV (at the p < .05 level), even though the trends of the associations were consistent with the hypotheses.
Harm avoidance and its subscale scores were also negatively correlated with HRV in the speech preparation period, again supporting our hypotheses (r = −.358, p = .012). Of the harm avoidance dimensions, all but shyness had a statistically significant relationship with HRV during the speech preparation. However, harm avoidance was not statistically significantly associated with HRV reactivity (r = −.106, p = .446), with the exception of the harm avoidance dimension anticipatory worry (r = −.316, p = .02). The same was true for rest HRV, where the only statistically significant association (at the p < .05 level) was with the harm avoidance subscale fear of uncertainty (r = .272, p = .03). In summary, the link between HRV and harm avoidance was more consistent when evaluating HRV during the preparation period, compared with baseline HRV or HRV reactivity.
Next, we ran a linear regression model predicting HF-HRV during the speech preparation period, since this HRV variable was most consistently linked to both harm avoidance and rumination in the correlational analyses. In the linear regression model, speech preparation HF-HRV was predicted by rumination, harm avoidance and participants' age. The resulting model was statistically significant (F(3, 50) = 3.571, p = .02), and explained 17.6 per cent of the variance in HF-HRV (r 2 = 0.176). Rumination tendency was statistically significant negative predictor of speech preparation HF-HRV when presented alone in the model (t = −2.475, p = .017), as was harm avoidance (t = −2.764, p = .008). However, neither rumination (t = 0.894), nor harm avoidance (t = 1.862), were statistically significant predictors of speech preparation HF-HRV when they were presented in the model together (and with age), although their negative association with HF-HRV remained nonsignificant. This was most likely due to the high correlation between the rumination and harmavoidance variables (r = .556, p < .001), and the mild multicollinearity between the two (Harm avoidance, Tolerance = 0.668, VIF = 1.497. Rumination, Tolerance = 0.661, VIF = 1.513), which led to a suppression effect when the variables were presented together in the model. In the combined model with rumination and harm avoidance, age was positively associated with HF-HRV, but this association was not statistically significant (t = 1.245, p = n.s.). 
Discussion
We aimed to shed light on the relationship between self-reported depressive symptoms, and psychological depression risk factors, namely, harm avoidance and rumination, and physiological stress as measured by HF-HRV. We conducted a laboratory study with a stress-inducing public speech task, and performed correlational and regression analyses to evaluate the associations between our variables.
Generally, our results were in line with existing research but we also made novel observations. As expected, harm avoidance, depressive symptoms and rumination were all positively intercorrelated, which is in line with previous research (Crucza et al., 2003; Elovainio et al., 2004; Farmer et al., 2003; Hansenne et al., 1999; Kampman & Poutanen, 2011; Nolen-Hoeksema, 1991 , 2000 Nolen-Hoeksema & Davis, 1999; Nolen-Hoeksema et al., 2008; Robinson & Alloy, 2003; Ward et al., 2003) . In earlier studies, the link between depressive symptoms and HF-HRV has been inconsistent, but more often than not there has been a negative association between the two (Bär et al., 2004; Kemp et al., 2010; Rottenberg, 2007) . According to a review by Hamilton and Alloy (2016) , HRV is consistently negatively associated with clinical depression, but there are inconsistencies when HRV is associated with depressive symptoms. In our study, the correlations between depressive symptoms and the HRV measures were also negative, but only the correlation between depressive symptoms and HRV reactivity almost reached statistical significance. Rottenberg et al. (2007) proposed that decreased (closer to zero) HRV reactivity, compared with rest or baseline HRV, is more strongly associated with depressive symptoms. However, this was not supported by our results, which showed that depressive symptoms are not associated with weaker responses to challenges in the environment.
Previous studies on harm avoidance, rumination, and HRV have focused mainly on baseline HRV. In these studies, high harm avoidance scores, and especially high fatigability dimension scores, have been linked to low baseline heart-rate variability (Huang et al., 2013; Puttonen et al., 2008) . Our results were somewhat consistent with these findings; however, harm avoidance was even more strongly associated with HRV during the speech preparation period. This underscores the importance of differentiating between various HRV indices when studying temperament-or other individual difference measures and physiological stress. Previous studies have also linked rumination-like thinking to lower baseline HRV (Brosschot et al., 2006 . Our results, however, failed to support these findings. However, we did find support for the link between rumination and HF-HRV reactivity as well as HF-HRV during speech preparation.
Interestingly, in our study the psychological vulnerability factors of depression-harm avoidance and rumination-rather than depressive symptoms per se, were more consistently associated with HRV. However, this might be a logical outcome given that we excluded clinically depressed participants. It would be beneficial to follow the same individuals with multiple measurements to fully understand the possible causal route from psychological traits to HRV to depression.
Both harm avoidance and rumination were strongly correlated with HF-HRV during the speech preparation period. A multiple regression model with harm avoidance and rumination as predictors explained 17.6% of the variance in HF-HRV during preparation for a stressful task. Compared with typical studies in psychology, this model has high explanatory power; thus, harm avoidance and rumination together seem to form a prominent vulnerability factor predicting physiological stress in an ecologically valid task environment.
The harm avoidance subscale of shyness was not significantly associated with HF-HRV, despite the fact that the task itself most likely created a stressful social context (or an anticipation thereof). There was a trend, however, in the logical direction. The harm avoidance subscale of fatigability was positively associated with HF-HRV during the speech preparation task, which is contrary to the other subscale associations and previous research. Unlike previous research, we did not find fatigability to be significantly associated with rest or baseline HF-HRV. Moreover, only rumination and the harm avoidance subscale of worry, but not harm avoidance itself, were associated with HF-HRV recovery.
In previous studies HRV was proposed to be a practical measure for understanding the link between depression and autonomic nervous system dysfunction, as well as a physiological measure of depression-related deficits in psychological self-regulation Sgoifo et al., 2015) . HRV could potentially be used to create more accurate and efficient mental health diagnostics when used side by side with other physiological indicators; two of which, harm avoidance and rumination, were identified in our study to be strongly associated with HF-HRV. However, it is also important to measure HRV in a specific situation, rather than focusing merely on its baseline. Moreover, it might be fruitful to complement subjective symptom categorisation with physiological ones in depression diagnostics. This is in line with Rottenberg (2007) , who proposed that depression affecting HRV might be a specific subtype of depression. Both our current study and that of Keen and colleagues (Keen, Turner, Mwendwa, Callender, & Campbell, 2015) suggest that different physiological changes are behind the different symptoms. If diagnostic systems could be developed to the point where they are able to take into account each patient's specific psychological and physiological symptoms, it might be possible to develop psychosocial and medical treatments that focus purely on those specific symptoms. This, in turn, might help to create more efficient mental health treatments.
There are some limitations in our study. The study was correlational and cross-sectional, and thus we could not infer directions of causality between our measures over extended periods of time. The study population does not represent the whole population (participants were young females), and the depressive symptom scores were higher than would be expected from a general population.
In conclusion, we demonstrated that specific psychological risk factors for depression, namely, harm avoidance and rumination, are significantly associated with physiological stress, as measured by HF-HRV during stressful and non-stressful situations. Our results contribute to extant literature by showing clear intercorrelations between multiple psychological and physiological measures associated with stress and depression.
